Since this publication, there has been a national focus on interprofessional education and team-based care to work toward the integration of services, including dental care, into primary care. 3, 4 With increased integration, clinicians can more effectively work toward achieving the triple aim: improving the health of the population, enhancing the patient experience and outcomes, and reducing cost. Current examples of oral health and primary care integration include adding interprofessional experiences in medical, physician assistant (PA), nurse practitioner (NP), and dental schools 4 ; imbedding dentists in federally qualified health centers to assist with dental referrals 5 ; and offering oral health screenings at primary care offices and fluoride varnish in pediatric practice. 6 Conversely, some dental offices have even begun offering primary care services like blood pressure monitoring. 7 Even with current barriers to health care, more people have access to a primary care clinician than a dentist, and primary care clinicians have the scope of practice necessary to provide basic dental interventions and screening. So researchers focused this review on integrating oral health training into primary care, which increases the quality of care patients receive The Impact of Oral Health Training for Primary Care Clinicians: A Systematic Review Kathleen Dwiel, MSPH; Martell A. Hesketh; Jessica L. Alpert; Jacqueline Cellini, MLIS, MPH; Kristen Goodell, MD; Russell S. Phillips, MD; Erin E. Sullivan, PhD BACKGROUND AND OBJECTIVES: Despite recent improvements in access to health care, many Americans still lack access to dental care. There has been a national focus on interprofessional education and team-based care to work toward the integration of services including dental care into primary care. The purpose of this systematic review is to understand the impact of implementing oral health curricula in primary care training on measurable changes in primary care practice.
METHODS:
Researchers utilized a two-step process, first a scoping review and then using the PRISMA systematic review method to develop inclusion and exclusion criteria around audience, curricula, and outcomes to identify practice change due to oral health education curricula delivered in primary care clinician training. Researchers assessed titles, abstracts, and full texts and abstracted data for the review.
RESULTS:
Researchers reviewed 2,749 articles and found 12 meeting the systematic review criteria. The reported outcomes and evaluations differed for each of the 12 studies identified. Over 40% utilized self-reporting. Seven of the included studies tracked outcomes by checklists embedded in electronic health records changes to well-child visit forms, or chart audits, one of which also tracked billing reimbursements.
CONCLUSIONS:
Oral health curricula for primary care clinicians are too heterogeneous to determine the effects on practice behavior. Future research should focus on developing a clear evaluation framework for measuring practice level changes in primary care settings as a result of implementing an oral health curriculum. 
Oral Health Training
A necessary step in integrating oral health into primary care settings is delivering training to primary care clinicians, including residents and students. One opportunity is to train clinicians while in school, but currently this training is inconsistent. In a national survey of US medical schools, 69% report offering fewer than 5 hours of oral health instruction, and 10% offer no curriculum. 8 Another study surveying PA programs found that 82.5% of 142 programs were either most likely to teach or already teaching students how to examine children's teeth for cavities. 9 Training also takes place in practices through CME programs, though this has not been systematically implemented in practices. It is often integrated into a practice at the urging of a champion in that practice. 10 For a well-informed curriculum either in a formal education program or as part of a practices' training focus, program implementers need to understand what educators currently know about oral health curricula. Critical questions include the nature of oral health curricula-what kind of educational program is the most effective at producing meaningful changes in practice? When should such programming occur? How long should it be; how much will it cost; and to whom should efforts be targeted? That is why this systematic review focuses on how implementing oral health curricula in primary care training impacts measurable changes in primary care practice.
Methods
This systematic review was conducted according to the guidelines outlined by the Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) methodology. 11 The authors used a twostep process, first reviewing and describing the literature and then developing inclusion and exclusion criteria to identify practice change due to oral health education curricula applied in primary care clinician training. Researchers registered the review on PROSPERO, an international prospective register of systematic reviews (registration number: CRD42017070216) 12 .
Preliminary Literature Review
The preliminary literature search captured existing literature related to oral health curricula for primary care clinicians. In this preliminary review, researchers found that there was variation in the evaluation of the curricula described in the 85 included sources. Forty-three percent of the included sources did not collect data to evaluate the curriculum at all. Only a small number of sources included evaluation looking at outcomes directly related to practice change or patient health. [13] [14] [15] [16] [17] [18] [19] [20] [21] The majority of evaluations examined changes in oral health knowledge or attitude of providers through pre-and posttests. Many curricula reported increases in knowledge of oral health topics and confidence in the ability to identify common oral health issues. [22] [23] [24] [25] [26] Evaluations also showed an increase in positive attitudes of primary care providers regarding the importance of oral health care post curriculum. 27, 28 However, few of the sources explored the next level in the Kirkpatrick Hierarchy for Health Professionals' Education Evaluation Model (Figure 1 ), to determine if there were practice behavior changes. 29, 30 Researchers identified this lack of meaningful practice change measurement as a significant gap in the existing literature of oral health curriculum for primary care providers and thus used it as a focus for the systematic review.
Systematic Review
When choosing the outcomes for the systematic review, researchers used the information gleaned from the preliminary literature review and the Kirkpatrick Model. The researchers focused the systematic PubMed curriculum, curriculum/standards, curricula, competency, competencies, health education, dental, health promotion, health promotion course, interprofessional education competencies, oral health competencies, interprofessional oral health workforce, interprofessional movement, interprofessional, practice guidelines as topic, health education, dental, oral health, dental health surveys, schools, medical, oral health/ education, oral health/standards, interprofessional relations, interdisciplinary studies, education, dental, education, dental, graduate, schools, dental, schools, health occupations, clinical competence, clinical competence/standards, education/organization and administration, education/standards, education/trends, education, intervention, program, programme, education, curriculum, curricula, tool*, toolkit, continuing education, continuing ed AND obstetrics, nurse midwives, pediatrics, physicians, nurse practitioners, physicians, primary care, internal medicine, obstetrics and gynecology department, hospital, osteopathic physicians, students, medical AND family practice AND family nurse practitioners AND pediatric nurse practitioners, physician assistants, primary care nursing, education, public health professional, physician-nurse relations, primary care providers, primary health care, physical examination AND oral systemic health, oral health, oral pathology, head and neck pathology, oral disease, oral condition, oral and maxillofacial, orofacial, oral health, oral health, oral hygiene, oral hygiene/education, oral hygiene/ organization and administration, oral hygiene/standards, oral health/organization and administration, oral health/standards, oral health/trends, dental health, oral medicine, dental health, dental hygiene
Web of Science 1 oral health, oral care, mouth care, dental care, oral hygiene, dental hygiene, oral health care, oral status AND curriculum, education, medical school, nursing, curricula, competency, competencies
Web of Science 2 dental health education, oral health competency, interprofessional, intervention, program, programmed, education, curriculum, curricula, tool, toolkit, continuing education, continuing ed AND physicians, nurse practitioners, primary care, internal medicine, osteopathy, medical students, family practice, nurse practitioner, physician assistants, primary care providers, primary health care, medicine AND oral systemic health, oral health, oral pathology, head AND neck pathology, oral disease, oral condition, oral and maxillofacial, orofacial, dental health, oral medicine, dental health, dental hygiene EBSCO dental health education, oral health competencies, interprofessional, intervention, program, programme, education, curriculum, curricula, tool, toolkit, continuing education, continuing ed AND physicians, nurse practitioners, primary care, internal medicine, osteopath, medical students, family practice, nurse practitioner, physician assistants, primary care providers, primary health care, medicine AND oral systemic health , oral health, oral pathology, head and neck pathology, oral disease, oral condition, oral and maxillofacial, orofacial, dental health, oral medicine, dental health, dental hygiene Embase 1 oral health, mouth hygiene, dental health AND primary health care, primary medical care, nurse practitioner, obstetrics, gynecologic care, osteopathic medicine, pediatric, pediatrics education, nurse midwife, internal medicine, physician assistant, family medicine, medical students AND clinical education, medical education, physical examinations and diagnoses, curriculum development, curriculum, education program, intervention, program, programme, education, curriculum, curricula, tool, toolkit, continuing education, continuing ed Embase 2 oral health, mouth hygiene, dental health AND primary health care, primary medical care, nurse practitioner, obstetrics, gynecologic care, osteopathic medicine, pediatric, pediatrics education, nurse midwife, internal medicine, physician assistant, family medicine, medical students AND clinical education, medical education, physical examinations and diagnoses, curriculum development, curriculum, education program, intervention, program, programme, education, curriculum, curricula, tool, toolkit, continuing education, continuing ed AND interprofessional, interprofessional education, interprofessional collaboration Embase 3 oral health, mouth hygiene, oral pathology, head and neck pathology, oral disease, oral condition, oral and maxillofacial, orofacial, dental health AND primary health care, primary medical care, nurse practitioner, obstetrics, gynecologic care, osteopathic medicine, pediatric, pediatrics education, nurse midwife, internal medicine, physician assistant, family medicine, medical students AND clinical education, medical education, physical examinations and diagnoses, curriculum development, curriculum, education program review question at the behavior level of Kirkpatrick's pyramid, looking at whether the education led to the transfer of learning to behavior change at work. Many of the studies measured attitudinal change or knowledge acquired. The reaction and learning aspects of the model, though necessary, are not sufficient for practice change to happen. The Oral Health Workforce Research Center found in their December 2016 report that 93% of PA students-75% of whom completed oral health training as part of their program-rated integrating oral health services into clinical practice as important or very important. However, only 36% reported providing any oral health services, with the majority of those services provided for acute problems and not as part of a general exam. 31 The behavior level is where we start seeing participants using what they have learned to make changes in a practice that integrates oral health into primary care, and where oral health care activities are implemented. Measuring practice change is important because clinicians face resistance from staff and colleagues when implementing interventions in primary care settings that go beyond having a curriculum (such as integrating dental procedures into practice flow). 13 To begin the systematic review, the medical librarian reran the literature searches to capture new sources through June 13, 2017. Two researchers (M.A.H., K.D.) reviewed the new sources and the previously identified sources that met the preliminary literature review criteria against the systematic review inclusion criteria. These criteria stated that the curriculum must (1) be implemented as part of primary care training (including continuing education), (2) feature oral health education in primary care training, (3) be implemented for individuals who are part of the traditional primary care team or trainees, (4) be evaluated by a measureable change in practice, and (5) be compared to "no current implemented oral health curricula." The exclusion criteria were that (1) sources could not include outcomes that measured only changes in knowledge or attitude, (2) be purely an editorial or letter, or (3) include training for anyone outside of the traditional primary care team. While the use of a control or comparison group in an evaluation can provide reliable baseline comparison data for an intervention, the authors chose not to require a comparison group in the inclusion criteria because the authors wanted to conduct the most comprehensive review possible. Most sources discussed implementing training where there had been no training before. Building on the fact that most of these were new trainings, and because information on dental care by primary care providers was rarely collected prior to implementation, pre-and postdata were not required.
One researcher (M.A.H.) extracted data from the full text of sources that met the systematic review criteria, and summarized the following information in the abstraction tool: article authors, journal name, publication year, curricular or educational component summary, curriculum target audience, type of primary care clinician involved, patient population served, curriculum implementer and location, evaluation and outcomes data, curriculum mode of delivery and duration. After reviewing the abstraction tool, the researchers added author affiliations, recruitment strategy, use of controls, how outcomes were measured, and reported limitations to have complete information needed for the review and to identify the risk of bias. Two researchers (K.D., M.A.H.) then reviewed the information extracted and finalized the entries.
Results
With the preliminary literature review, 2,548 sources were identified and all but 85 were excluded through the title and abstract screens. The updated literature search (June 2017) included an additional 201 sources. After applying systematic review criteria, the systematic review included 12 sources. Figure 2 shows the full process of source selection and exclusion based on the PRISMA framework.
Qualitative Review of the Literature
There was great variety in the systematic review's 12 articles as documented in Table 2 . Participants in trainings ranged from entire clinic staffs to one specific student or resident group, (eg, pediatric NP students). Additionally, the curricula topics covered, mode of delivery, and length of training varied from two 45-minute presentations to 20 hours of training over the course of a 2-year program. Curricula were offered online and in person, and included didactic components (n=11), clinical training (n=6), small groups to discuss training materials (n=3), and simulations/case studies (n=3). 13, 14, 17, [19] [20] [21] 23, 24, [32] [33] [34] [35] Variation traditionally allows for analysis into necessary components for change, but the practice change outcomes and the way they were measured were also highly variable. Additionally, children's oral health was the focus of 8 of the final 12 sources with curriculum developed for pediatric clinicians or focused on dental care for children.
Practice Change Measures
The evaluation method differed for each of the 12 studies identified. A notable aspect of the final set of studies is that over 40% utilized selfreporting. 13, 14, 17, 23, 32 Self-reporting was often conducted through the use of posttraining surveys. These posttraining surveys asked clinicians if they had integrated oral health screenings into their wellness visits and how many times they had performed an oral health screening since receiving the training. However, not all included studies relied on self-reporting by memory to measure changes at the practice level. As seen in Figure 3 , seven of the included studies tracked outcomes by checklists embedded in electronic health records (EHR), changes to well-child visit forms, or chart audits, one of which also tracked billing reimbursements.
19-21,24,33-35
Practice change measures included the number of oral care procedures completed, screenings done, referrals made, fluoride varnish treatments applied, oral health education conversations had with patients, oral health problems identified, preventive oral health procedures done, and fluoride prescriptions prescribed. Some sources described exactly what measures they collected while others referred to the number of preventive oral health visits or chart documentation about oral health education. There was variation in what the outcomes were as well as in the way they were collected. All of the included sources reported a positive trend in at least one practice change measure following the delivery of their respective curriculum.
Risk of Bias Assessment
A risk of bias assessment looks at the likelihood that a study may have systematic error in the results or inferences. 36 Seven of the studies as assessed by two reviewers (K.D., M.A.H.) had a high or unknown risk of bias. The authors included the studies despite this limitation because they highlighted the need This selection tree illustrates the source selection process the researchers undertook using the PRISMA framework. It also indicates the number of sources that were discarded or kept at each stage in the process. 
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Discussion
This study offers a comprehensive look at the current literature on outcomes of oral health training for primary care clinicians. Understanding the state of research in this area has important implications for medical education and future evaluations of oral health curricula for primary care clinicians. This systematic review provides medical educators with an overview of evaluated oral health curricula that have been published in peer reviewed journals. There are many editorial and opinion pieces in academic journals that discuss ideas for curriculum to integrate oral health into training for primary care clinicians, but few published sources include the implementation and evaluation of an actual curriculum, and even fewer examine changes in practice behavior. With so many sources, but so few with recorded results, it is difficult for medical educators to find rigorously evaluated curriculum they could implement with confidence. By limiting this search to oral health curricula that included evaluation of practice changes, researchers selected curricula with reported results that can begin to illuminate the components of oral health curricula that may be needed to increase access to oral health. Researchers noted the majority of sources included focused on children. This may be because both Medicaid and the Children's Health Insurance Program require comprehensive dental health benefits for children while Medicaid for adults varies in coverage of dental benefits by state. 37, 38 Many of the studies used selfreported data. While self-reporting may be a convenient way for researchers to evaluate practice behaviors, it also introduces reporting biases into the data that skew toward socially desirable answers. 39 This bias suggests that respondents who complete oral health training and then self-report on organizational behavior are more likely to report results biased towards a perceived improvement, such as performing more oral health screenings. While non-self-reported measures were not subject to the same reporting bias that self-reported measurements faced, they did contain other unexamined factors. The most significant factor was the lack of comparison groups in studies that made a structural change to collect evaluation data. This included studies that added oral health screenings to EHR checklists or visit forms. 19, 20, 23 These studies did not examine the effect of adding this item to an EHR screening independent of the oral health training. Therefore, researchers were unable to discern if changes in practice were prompted by the training or these structural changes.
Due to the variation in the evaluation of oral health training programs, in outcomes chosen, the way the outcome was measured, and even the lack of consistent reporting on the training program, it is not possible to compare program effectiveness or reliably determine if there are particular aspects of a program that could prompt changes in practice behavior. To determine the effectiveness of these curricula there is a need for a common evaluation framework. A standardized evaluation would help answer questions like who on the primary care team should be trained, and what is the most effective way to train primary care clinicians in oral health. This would also allow future researchers to compare across curricula and evaluate which components change practice behaviors to improve the oral health of their patient population.
Limitations
The systematic review results are subject to a number of limitations. First, the final set of studies often had weak study designs that lacked comparison groups and had small sample sizes, both of which can increase bias in the results. Secondly, the scope of this systematic review was limited to peer-reviewed studies that included an evaluation of the curricula. By not including grey literature (unpublished, possibly presented only) it is possible that some curricula with practice change outcomes were missed. Risk of bias was unclear in many of the studies due to vague descriptions of the studies, making results more uncertain. Finally, the heterogeneity of the included curricula and evaluation methods precluded comparing the effectiveness across programs. Researchers were unable to make determinations regarding best practices for oral health training of primary care clinicians.
Conclusions
In conclusion, the current body of literature concerning oral health curricula for primary care clinicians is too heterogeneous to determine the parameters for optimal training programs in oral health, or to anticipate the effects of such programs on practice change. However, the high level of heterogeneity observed does demonstrate a clear need for a standardized and rigorous evaluation of oral health curricula for primary care clinicians. Future curricula should be evaluated using measurable practice changes. Optimally, evaluations would be conducted using a consistent evaluation framework based on accepted oral health competencies. By allowing future educators and researchers to understand the best practices in oral health training for primary care clinicians, we can work to improve access to basic oral health care and close the gap in oral health disparities in the United States. 
